BD 161 433 



IB 606 397 



TiTtE 



INStflTOTION . 
PUB_bfiTE- 

NOTE . 

AVAILABLE. FECM 



erimes^-Don Marston ^ • 

Computers ^or Learning: The b;?6S cf Coffigutet-fissisted 
Instruction^ (Caij in California public schools. 1 
California state Degt: of Educatiishj Sacrainehtb. 
77 . . 

15p. ; 

Fublicatiohs Sales^ California State Department of 
ESucaticn^ B.e, Box 271, Sacramento, California 95802 
($1.25) • 



EDBS P.BICE 
DtSCRIFTORS 



i 

abstsa'ct 

^^of computer 
are presence 
(2) \ef f ectiv 
turnaround i 
CAI^ and (6) 
th^se sfctid 
sicuTatibns^ 
computers^ c 
increasing e 
graphics; an 
programing^ 



HF-$d.83 Pl^us Postage. HC Not fi7ailabl€_f torn EDRS. 
Changing attitudes; ^Computer Assisted Instruction; 
Computer Managed' Instruction; Comg-uters; Cost, 
Effectiveness; Diffusion; Educational Innovation ; 
Instructional Isprbvement ; ^Public Schools; *5tate' of 
the art Reviews; Trend Analysis 



implications of and resource ijifcrmaticn on the use 

assisted instruction (cai) in California public schools 
d under the following headings: (1 J definition of cai^ 
eness of cai^ (3) obstacles^ to the useof cai^ (UJ the \ 
n cai acceptance and use, (5J instructional potential of 

how to bbtaininformatibn on CAI* Subtopics discussed in 
ns include drill and practieeir prcbleffi solving^ 

and tutorial f6rmats; cost and availability of 

urriculum a quality, adverse attitude^; shifting economies, 
xpertise, changing ^attitudes; computer capacity, computer 
d computer demonstxations^ other educators, computer 
shopping for computers. (CMV) 



^ « 4 30( :9t :^ sir :^ 3^ :«( :«( 4c 39e :«( aOc 4c :0t 3«t :0t 4( 30e :0t 30( 30t :0t « 30( :«( 3^ 

♦ Reproductions supplied by EDRS are the best that can be made * 
* frcm^ the original docunent. * 



1^ 



__ _ ; U.$._DEPARTMENT OF WEALTH, 

fSpV EDUCATiON 1 WELFARE 

J - NAtiONALlNSIlXUTE OF 

EDUCATION 



■■ • 1 trti5--bOCUMENt mS--&ei=N--RERRO- 

' . OUCEO HXACTLY AS .RECEIVED FROM 

THE PERSON OR ORGANIZATION ORIGIN- 
AtiNG jt-PbiNtS bF-VJ£-W-bR bP-iNiON-Si 

l j STATED DO WOT KECESSAiJJLY R£PRE- 

. SEN^T OFFICIAL NATIONAL INSTITUTE OF 

. ^^byCATlON POSitiON OR POLiCY 

UJ f ; : 



The Uses of 
Gomputer 
Assisted 
IhstrUGtioh 

. (GAI) 
[n Cal|forhia 
Public Schools 




omoui 



or 



eamin 



;'?AR»-'^^53iON TO. REPRODOCE THIS 
'WrEHL.;:. IN MICROPieriE ONLY 
HAS BEEN Ci-ANtEDBY 



Marijvn Ji Butts 



varwE edocat?onal resources 

iPiPORiMATiOiSi C?:'Wt€R (ERIC) AND 
f/cf=R^ 0F THE uRie SViiTTEM " 





Prepared by _ _ • _ 

Pph Marstbh Griitje$« Cdhsultaht 

EdUcatibhal TechhbIbgy*Uhit 

Caiifdrhia State Depaftmeht of iducatloh 



. '1 



n 



Preface 



The cost of computer liarclware has been retlucecl siibstaritiaHy , by_ the iritrbductibri of 
new technology. The digital watch, the. hand-held calculator, and the S1,000 do-iVyourself 
compter kits are only a few examples of the products of microprocessing, a revolutionary 
new, advancement in computing with integrated circuits. Today a broad selection of com- 
puters and systems is available to educators, with options ranging from the vast and i,;^phisti- 
cated, time'Sharing systems that serve thousands of students sirau^aneously to the r '•:\pen- 
sive (:S 1,000) general purpose, single-terminal microcomputer that serves one stud( - * at s 
tiine. ' * " 

Cbst reductions resulting frbrii advaricernents made in the microprocessing techi- '^;:r ^g?" 
have put Corhputer Assisted. Instruction (CAI) hardware within the reach of the pubh'c- 
school budget. In addition^ advancements in courseware develbprrient have made it p>bssible 
for children to make signitlcant gains in basic skills by uc^ingCAI. These arid other deyelbp- 
ments are responsible for the increase in the number of purchases of GAI by California 
schools over the past two years^ 

Many educators are not aware of this increasingly popular learnjng resource and its poten- 
tial as a future instructional tool. Therefore, tliis publication is intended to provide general 
infdrmatipn on the state of the art of computer technology. School districts that are 
'Sviridbw shbppirig'' for CAI systems may need assistance of a mnre technical nature: Tliey 
should obtain thtf advice of consultants \vlid are experienced with instructional uses of 
computers, c:gmmunicate with school districts that have CAI experience, or contact the 
Educational Technology Unit, California State Department bf EdUcatibri, 721 Capitbl Mall, 
Sacramento, CA 95814 (916)445-5065. . ' • 
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Def inif ion of QompMet 
Assisted Iiisf raction 

Computer Assisted Instruct idh (CAI) is a process 
in whicli the learner interacts directly with lessons 
which are-tdisplayed on a cathbde-ray tube br 
which are printed by a terminal that prbvides hard 
copy^ The lessons are presented in the drill and 
practice, problem solvmg, simulatiori, and tutorial 
formats. * 

• • brill and Practice Format 

The drill ^nd practice fbrrriat -helps students tb 
master the subject after the cbricepts have been' ^ 
taught by. the teacher. Student errors are corrected 
immediately in a nonthreatening and nonhostile 
atmosphere, and correct responses axe positively 
reinfQrced; Drill and practice programs in elemen- 
\tary reading and mathematics haye generated posi- 
tive evaluation results Uiroughbui the country. 
Experimental groups in mathematics have deriion- 
strated impressive gains, with the most impressive 
results among boys, particularly fourth graders and 
low ability students (Taylor, 19?4). In research 
projects, involving language teilching; students in ^ 
CAI eSp^erlmeptal groups perforriied better in reatl- 
ing arid., writing than the conventional laaguage 
laboratoi7 students (Taylor^ 1974): The computer 
a.^isted instruction drill and practice format appears 
to provide powerful instructional assistance in the 
education/of ethnic mingrities, ostensibly attribut- 
able .to its effect on ''locus of control" (Craridall, ' 
107.5). 

J Problem Solving Format 

The use^bf CAI for probl^^rii solving .helps 
stud>e_rits tb bbtairi a deeper Uriderstaridirig bf 
prbblerri sblujibn strategiej (NavaL__Persbnal 
Research/ and. Developrrierit Center, 1975). Prob- 
lemS are presented by the computer to the "stu- 
dents, and the students program their. own solu- 



tioris. Tedious and repetitious calculations, as well, 
as resource irifbrmatibri, are provided By the 
, cbrnpUter. By Usirig cbrnpUterized grbblern sblvirigi 
the students becbrrie invblved- with mastery bf 
concepts, patterns, structures, and. relationships, 
wh(eh le^d.:to an understanding of the 'problem 
gestnlt. Mathematics has been the principal subject 
area for the use of the problem-solving ^pde, but 
it has also been, effective in many other subject 
-areas. In mathematics, for example^ iterative tech- 
niques ate more commonplace and more ufider- 
staridable tb studerits (such a^ the estimate-divids-v 
average rriethbd bf determiriirig the^, square rbbt of 
a number) because of the cbriipUter arid its ability 
to perform repeated calculations _ at blinding 
speeds. The computer has also 'made Ibgarithms 
and trigonometry tables available at the touch of 
finger and has cast a completely new light on their 
use in secondary mathematics: , 

Simulation Format 

r 

In the simulation mbde the student is given the 
neqessary data abou) * a particular problern or 
system and is then asked to carry out an assigned^ 
task by using a number oFalternatives availabj<fto 
him or her. Tiie student Ibarns from the* ultimate 
results,^, which- are ^ presented on the cdmpuler 
termirial, the cdriseqUejlces df the ajterriatives that 
were chbsprt.- SirriUlatibri allbws the stUderit tb 
experirrierit; arid, iri ^he prbcess bf experirrieriting, 
he or she becbrries familiar Avith the forces which 
are at work. In jcierice and social studies,^ simu- 
lations are used to perform vicarious experiments 
that are either too impractical, too costly, or too 
dangerous for the school laboratory. Research has 
* shown that computer simulations help students 
learn concepts faster and with higlier achievement 
gains on pretests and post-tests than « students 
learning in conventional ways , (Naval Personnel 
Research and Development Center, 3 975). 

.Tutorial Fdriimt 

In the tutdrial mdde the cdmputer acts as ^the 
\S teacher. It *teaches the cdricept, wdrks tdwafd 
mastery thrbugh drill arid 'practice, tests' cbriipre- 
hension and performance, corrects learning errors, 
and retests. Experinients showed that learning 



gaiils were higher, for CAl tutorial students ,arid 
that ihstructibnal r times were reduced-; thereby 
making learning moTc efficient. More material was 
presented thrort^ €Ai tutorials than through 
conventional courses.- • ■ . 

i Early experiments inCAI at Stanford University, 
the University 'of Illinois (PLATO), and Brigha^ith^ 
Young University (TICCIT), and at rtiariy othef ^ 
schools, cdlleges, ^nd tin'iversities through biit the 
nation contributed to the current deVelbprnerit of 



€AL Tliese experiments, although very expensive^ 
produced ^ thousands of cyrriculum rnaterials or 
programs that are being usei^succ^ssliiljy in many 
subject areas and at all grade levels. Such accom- 
plishments have ^demonstrated CAI's ability to 
affecf learning 'positively at the classroom level. 
Wi^"^ the reduction in the cost of Ilirdware an J the 
coritihuarrHlrierfieht existing' curricula^ CAI » no 
doubt, will be used? more extensively in public 
schools. 
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Effectiveness of GAI 



The one question usually asked by educators is 
whether or not GAI* teaches effectively.' It is 
reasonable to require that' any innovativeMnstnic- 
fional system meet the crucial test of mstruct^onal- 
effectiveness. The results from many yeare of 
cjireful research ind development in CAI are very 
positivei' as to its effectivertess as a learning tooL 
The fdUbwing cdrllmentaryV supported by evidence 
fiorh sixteen studies, is typical of the, conclusions 
reported in the iiterature: 

We have founti strong and consistent achievement gains 
by students when they are given GAI over a reasonable 
fraction of a school yeSr!...CAI can be used or 
abused . . The point we want to make is that CAI is an 
~ extren^ely effective • tool arid that used^ jiroperly it 
presents a serious possibEity for the improvement of 
educatioh (Fletcher, Suppes, and Jamison, 1972). 
Examples of other comments bri the effective- 
ness of CAI are as follows: 

, Cbrnpiiter assisted experi mental groups demonstrated 
, ' significantly^Jji^r achievenjent levels (Ronan, 1971). 
There were high cbrrelatibris betw^ri "on-line^^^^ 
progress' arid^studcnt's aciiisvement on standardized tests 
^ for CAI in reading (Campbell, i975). 
Fourth and: fifth grade CAI stude'rits were' able to 
manage effectively tHeir learning in elementary inafhe- • 
" matics and to learn faster ^nd retain better than control 
groups''(Jacobson and Thompson, 1974). 
The rtibs)t^conser\ative review stated that CAI i^ 
at least as effective as traditional instruction (Naval 
Personnel Research and , bevelopmeht Center, 



1975). in 1975, Nelson D; Craridall of t}ie Lbs 
Nietos Eien^entary' School District, Whittier, Cali- 
fornia wrote: ' 
In the field of cbrnpensatdry\educatio^ 
have "been led ,by a succession of Mesjahs who showed 
them the way. Each time the prpmised results did not ' 
materialize, yel the practices lingered for want of 
something better. As a result, educators have becoriie 
increasingly skeptical of programs claiming success in 
raising achievement levels with" children from proverty 
. backgrbund. To the uninitiated, proposing that achieve- 
' ment levels maj^te raised ig children by having them sit 
in front of a computer terminal for fifteen minutes a day 
seems ludicrous. But th? facts are in. Standardized test 
scores have soared with children doing drill and practice 
bri a daily basis using CAI. 

Crandall also reported that i^ie rate of truancy 
and tardiness decreased with the implementatioif 
bf CAI, that children made intensive use of Ihe* 
cbriipUter tenninal before and after school, and 
that a- decUhe in vandalism was noted at school 
plants. _ . - 

The positive results of CAI research Were alsp 
reported by public schools in New YprR, Florida 
j3klahoma, PernsylvaniM,. Texas, Illinois, New 
Mexico,* Mississippi, and Washington (Macken and 
Suppes, 1976). Research conducted iii 1971-72 m 
Montgornery County, Maryland, showdd that CAI 
students made significaritl^^greater ^ins in mathe-'^ 
-matics than their .counterparts did in_ traditjonal 
classrcjoms; that it was possible, with computer 
assistance, to enlarge geometry classes with no 
decrease in achievement; and that teachers who 
used CAI were able to spend more time with 
individual students (Mbfgan and Richardson, 
1974). • . \ ^ , 

Achievement results were based prirnarily bn ^ 
experience with drill and practice uses in reading 
and mathematics. These applications have _been 
$tudied more extensively in the research. Othero 
promising applications now under development 
will undoiibtedly be the subject of * further 
research. 
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Obstacles to 
thetfeedf CAI 

The principal obstacles to the widespread use of 
GAl in the public schools in the past are believed 
JO diave been, the cost and availability of com- 
• puters, lack of quality curriculum, and adverse 
attitudes toward new technology. 

_ ^ ^ 

Cost and Availability of Computers 

Computer assisted instruction has been expen- 
sive. The high costs have been due largeljj^ to the' 
state of art, which has forced CAI usejs to rely on 
time-sliaring from large centralized computers with 
priorities in the field of business applications. Such 
arrangements have adversely affected the quick 
"response time necessary for successful intefaciive 
» /learning that the computer is so well equipped to 
' -prbvKfe. Up until ri'ow^ large computers have been 
very cost^, Jceepirig them bUt of the reach of 
locally funded schoordistricts. 

- ■ . .- ■ 

Curricttlum Quality 

In. the- early days it was difficult to ' find 
personnel who were, expert in computer program- 

^ piing and curriculum development, both of which 
are highly specialized stages of separate disc^li^. 
Computer experts, excited about educational appji- 
ca^ibris, bfteri dcmbristrated arid sold curriculum 
materials that were regarded by teachers as trivial^ 
and ineffeotive. Educators, who were familiar >vith 

> the, complex problems oT learning generally were 
not aware of the capabiHties of the cohiputer In^ 
addressing those 'problems: A number of years of 
experimentation, development, and cross-training - 



were required to produce prograrris that: were 
'sufficiently germane to improve instruction. j\ 

Adverse Attitudes 

- -._ _ J - - -- - - . t- - . - 

Unfortunately, computers and people have been* 

placed in adversary roles-. The rapid development 
of the computer in society lius produced ji^k-ind of* 
future shock. Tlie gap is large between what 
computers can'cjd and the laypersbri's urid.erstlnd- 
ing bf how they do it. This gap oaUses suspicion 
arid uricertairity^ that_ tends to obscure t^people's 
yisibri bf the future. Publishers and media people 
have capitalized on these fears, in writing for 
entertainment markets. Hie iigsSJting -iiction has 
made good ' copy for the publishing industry but 
has created a less-than-objectiv'& view-^of the contri- 
bution of -the computer to the problems of society. 
Admittedly, neW/ techiiology has given rise to new 
problems, but thb$e problems have bceri disibrted 
and jexaggef ated in pbpUlar fplkfbrev ' 

The riewriess.of CAI,-cbUjjJed witrKthe mystjqUe, 
•the; distn^i of ariythirig riew, and the early claims 
of techhblbgists that computers would replace 
teachers, raised anxiety levels bf educators and 
kindle^d sparks: of resistance. Additiohally, the 
computer possessed jts own body of skills and 
vocabulary that were no^ easily assimilated by 
' already beleaguered instructional staffs. Intro- 
duction of CAI in its developmental stages could 
not compete with other commanding priorities on 
the overcrowded agendas bf staff develbpmerit 
meetings, even though the computer offered prom- . 
isirig resblutibri tb rilariy of the prbbleriis bf 
edUcatibri. Because bf these, facttJl^, educators have 
failed tb irifUse the computer iritb the .educational 
process to the extent .that, would ^eem justifiable 
by'_tl>e p^bsitive results bf effectiveness research. 

Significant developments in the state of instruc- 
tion ■ anci in computer technology over the past 
decade Have softened thq: obstacles and heightened 
the probability of acceptance of CAI as a valuable 
tool of learning. Sufch a trend is evidenced by the 
phenomenal increases in the use of CAI throughout 



California public schools in -recent years. 
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In the past decade educators have become more 
and more awarq of the usefulness of the computer. 
While it has contributed substantially to admini- 
strative tasks such as budgeting, -accounting, plan- 
ning, scheduling, and evaluation, the computer's 
usefulness ha^alsd been increasing in the fields of 
QoUnselirig/ management of 'instruction,* and in 
direei instruction. Evidence of a turnaround in 
acceptance .of the corriputer is provided by 
comparison of recent school district expenditures 
for purchase" of computers and cbmpUtef system^ 
with, the e.xpenditures for similar QquipmmV^ii^d . 
systems a decade ago. This change cdri be|atttl- 
bated to a wellndocumented shift in the econdrhics 
of computing, increased sophistication in computer 
curriculum development, and maturing attitudes 
abokt practicaJ-applications of th^vcomputer in our 
.daily lives. I ' - , 

Shifting Ecorioniics 

t _ _______ 

The micrcprocessing revblutidri has dramatically 
reduced costs of computer hardware. Corriputer ^ 
> capability that cost about a quarter of a millidri 
- dollars ten years ago can' be purchased today for 
considerably less than $100,000. Terminals that 
cost upwards of S2,099 can now be purchased f(5r 
under ^1,000. Today a kit-type, do-it-yourself 
a>rnput6r can be purcHased for $1,000. One 
mahufacturer has rjinnounced a new, eight-user^ 
time-sharing microcomputer system that sells for 
less than S4%000 without terminals. 

While these small Thacliiries may riot have suffi- 
s- cient storage to provide ihdividii_?^lized cUfriculuni 
^ in cornptex curriculuni strands for whole subject 
areas, they do have many useful purposes, such as 
storage md retrievaj of tables for mathematics ami 
scjeiic(:^ classes qr simple drill and practice exercises " 
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in spelling, these capabilities portend many prom- 
ising developments forjhe future of educatiori. 

The optimum corifiguration that seems to be 
meeting with success in education today is the 
minicomputer, wliieh has thirty-two terrriirials that 
provide dnll and practice in elementary readirig 
and mathematics. Suchsystems are daily increasing 
the students' a.chievement scores on commonly 
used standardized tests. They sell for approxi- 
mately S4d,bbd, plus recurring costs for cur- 
riculum arid maintenance. 

Space _ regUirements for computers have also 
been reducld substantially. The first computer 
required a very large rdbni to contain the inany 
vacuum tubes that made up its ceritral processing ^ 
unit. Today, a minicomputer occupies the same 
space that is occupied' by an average size filing 
cabinet. A small rhicrocomputer, which serves one 
student at a time and operates on standard house 
current, can be located on the top of a jlesk or 
table -of a mathematics, science, or elementary 
schbbl classroom, or can be moved from room to 
roohiibn a cart. 

Funding for cbriiputers is becoming increasingly 
available in education^ Districts that have already 
purchased computers for bUsiriess purposes are in, a 
good position to provide instructional services as 
long as they are able to identify appropriate uses bf ; 
tho computer in the curriculum, and _ they can 
modify ^timesharing priorities. One California dis- ■ 
trict with modest rnean^, which started by instal- 
ling a terminal connected to a neighboring college 
computer, has grown to the point v/here it offers 
CAI services to surrounding school districts: An 
iririerH:ity district purchased computers for busi- 
ness educatiori programs that resulted in the 
placement bf their computer scibnce-trained gradu- 
ates in a very competitive labor market. This 
district ha^ expanded from vocatiorial training to 
providing computer servicesjn CAl tb many other 
schools ]n the district. The United States Office of 
Eduaa^ion has funded GAI reading and m.athe- 
matics projects in schools that- quiilify for Emer- 
gency School Aid Act monies: At' least one district ■ 
in* Califbrnia today is purchasing microcomputers 
frbrri Ibcal Turids for mathematics and science 
classes in all of its secoridary schools. 




Today, many systems are available that provide 
a variety of services to instruction- a variety of 
costs. Educators \^ho are considering the purchase 
of computer systems slioujd carefully analyze the 
potential uses of the computer, plan for Inservice 
training needed to integrate the computer into the 
regular curriculum, and, in the process of shdpiping, 
be aware of such factors as hardware reliability, 
response time needed for' interactive learning, 
software (curriculum, rhaterials) costs, transfer- 
ability between corripUter languages and systems, 
arid potential costs for maintenance. If these 
factors are carefully considered, a cost-effective 
computer system can be an important factor in th^ 
improvement of student achievement jn the 
sci tools. 

Increasing Expertise 

The nature of cdniputer programming has re- 
quired frorii the very beginning that learning 
materials be prepared in a systematic manner so 
that iribtivSfipnal interaction is provided between 
- the student and the curriculi^rii. Through many 
years of ekpeH;mentatio!i and research, curriculum 
designers and compater programmers have learned 
to fuse their 'skills in the productiori of a superior 
product. As a result of the rigorous controls arid 
procedures imposed during , the develdpmerital 
stages, such as teacher irilpUt irito desigri and 
validation in the classroonri settings CAI has pro- 
duced positive effects that are bbjservable in prac- 
. tical applicatibri. , _ 

In pretest and _pbst-test results, CAI students 
have gained significantly in the mastery of ele- 
mentary reading and mathematics. These gains are 
attribulable to advances such as increased ability to 
individualiz.e and personalize instruction and 
increased student motivation through interaction 
between the student and the program. 

Individualization presents a task so fdrnlidabte 
that it is almost unattainable by teachers without 
the help df technology. The capability df the 
cdrilpUter td stdre arid retrieve massive amburits bf 
data iristaritariebUsly is providing up-tb-LIie-minute 
jridividual data on the performance and progress of 
large nuinbers of students in each detailed strand 
of complex curricula. These data are being dis- 
played on cathode-ray tube terminals with.-^ut 
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delay and are being printed immediatefiy in hard 
copy for later review arid reference by teachers, ^ 

Motivation fdf learning is greatly enhanced by 
CAI, as'ariy dbserver iri California classrobms/cari 
witness. Iri some cases it is ribt unUsual for students 
td liriger at the terrriirial, to cbme before sqhbbl, or 
tb stay after schbbi and wbrk on the computer dnll 
and practice lessons. Such Intrinsic motivation 
sometimes leads to a situation in which incoming 
students exhibit impatienct^with students who do 
not want to relinquish the terminal. This phendm- 
enoii does not taper off after a shdft period df 
novelty, but persists as long as the students work 
with CAI over several years. Craridall (1975) h^as 
given some insights td the reasdris fdr this positive 
motivation. He pdirited dut the value of the 
computer in hQlping'ex t^rnally C(9^/rb/fe<i students 
td becdrne riidre mternally cbnrrb/fetf individuals. 
He stated that, iri the educatibn of ethnic minor- 
ities, 'CAI helped students to reinforce the notion 
that butcomes were linked to their own- per- 
'formance rather than to some external force. 

Changing Attitudes 

_ Experience and research are beginning to dispel 
many myths about ths computer, such as the 
common image of the computer as a.cdld, miridless 
machine that threatens td make aUtdriiatbris bf the 
students arid td replace the teachers. The testi- 
iridriy df teachers with long experience in the use 
bf CAI tends tb discredit such nbtions and supplies 
ariiple eyidc^Jiice that an even closer student-teacher 
relatibriship has developed with the help of CAI: 
Such developments have become possible because 
of careful emphasis on teacher involvemertt iri the 
developnient of programs. Bork (1973) cdrri- 
mented as foUowjj: 

My experience shows that really effective materials are 
still cdniing almost entirely frdip those who are very 
much involved in the teaching, process. 
The clbse student-teacher relationship brought 
about by CAI usage has not been accidental, but 
has resulted From conscious efforts of CAI devel- 
opers to do the following: 

1. Combine the specialized skills df curriculum 
development arid computer pfdgrammirig iri 
the develdpriierit df CAI lessdns. 



6 t " 



2. Develop arid field test all materials in the 
classrbbni setting. 

3. Systematize the presentatibri of materials irt a 
manner thai is i^ychblbgically sound without 

' regimenting the student. 

4: Conduct personable d^tajogiae with students in 
the instructional program: 

5. Design instructional programs for branching 
and randomizing so that they meet the 
individual rteeds in all strands of the curricula. 

6. Handle cbri.sistently and 'unemotionally the. 
tedium of basic sl<ills instruction that is based 
bri sbphir>ticated pririciples of positive rein- 
forcement. 

. As expenence continues to build up, develbpers 
of CAl matenais are increasin^y recognizing that 
teachers must not "be replaced by computers; 
Falzetta (1973) stated that teachers are needed jo 
facilitate learning' and to merge/ the affective and * 
cognitive domains in a blend tha t; enhances achieve- 
ment indperformance. dne.exp*^erimenter (Bunder- 
sbri, 1975) acknowledged the deficiency of CAI in 
answering .the needs of the "why" askefs, thereby 
implVing that such needs must be niet by teachers. 



To Hiitigate the fears of teachers and to focus more 
accurately on curriculum uses of the computer, 
educatioMl agencies should formulate philosophies 
arid pplide«i j:hat j>iace the relative roles of teachers 
and cbriljputers iri; a riibre accurate pbfspective. 
Such a statemeint might read as follbws: 

Computer assisted instruction is a powerful extension of 
the teacher: it is a valuable learning resource that should 
be integrated into the regular flow of instruction rather 
. ' than be considered as a sepai^te or unique program. 

With such a , philosophy^ educational agencies 
could provide teachers with*ri©eded assurance of 
their irripbrtarice, while exteridfeg to them the 
prbmise that'the computer cari provide the solu- 
tion bf sorrie bf their riiost vexirig iristructiorial 
prbblerhs. : _ 

AH pf-jthe aforementioned factors, coupled with 
the rising rate of computer purchases for in'struc- 
tional uses in GaKfornia, show that attitudes are 
changing toward the computer: As costs continue 
to diminish and knowledge about the effectiveness 
of JCAI continues^ to reach educational- decision 
makers,vit appears that the trend toward accep- 
tance of CAI will continue until its use in 
educatibri is commoriplace. 




Instmctional 
Pot enlial of GAI 

Cdmputers arc becohiing so ^mall and portable 
that' they gari be broiiglit into the classxoorii to 
perforrri a variety of instructional tasks; With the*' 
perfection of the bubble me??wry, which will 
eliminate the need for electronic tape storage, 
smaller and even more'pq^werfiil computers will be!; 
. manufactured. This progress, coupled with cori- 
, tinual sophistication of the curriculum develop- 
:ment' skills, is. certain to increase the edu(:atidnal 
use bf-coniputc-rs in coming years. 

Computer Capacity 

Already the computer . has proven to be a 
dynamic and interactive teaching instrument, 
which is capable of (1) matching student needs 
with curriculum requirements; and (2) pres^cribing 
and presenting individuahzed and randomized exer- 
cises while instantaneously providing teachers with 
evaluative data about the progress of each student 
at any stage of the various curficiilum strands. At 
the college level, tisachers are Using the computer 
tutdfially fdr femediatidil arid •fdr-preseritatidri of 
their regular cdUr§es, Mariy college^rid high' school 
teachers in California are'able to bringjritb their 
classrooms today : live experiments, simulations*, 
and cdrriplex. problem solving exercises that would 



l^e tod costly, impractical, or even dangerous 
without the help of the computer. The computer's 
capacity for storage and retrieval of vast amounts 
of data in this age of exponential growth of 
knowledge is useful in levels of instruct idri farigirig 
from direct tutdring td mariagemerit df iristrUc- 
tional resources. a 
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.The field of computer graphics offers a whoie 
/i^ew" dimension ,in learning, Tlirougli . grapliics, 

/\/f)ictures, tables, and' diagrams are being drawn on 
the CRT (cathode-ray tube) ?erminals at the 

' . co^aniand of _ the student or the teacher.. Tliis 
technology makes it 'possible td cdmriiUriicate 
concepts or sets of relatidris' that were - only 
. teachable befdre thrdUgh abstract explanations, 
cdmplex riarrativCi dr the Use of lexical or'numer- 
ical cdde riiethdds on the computer. Through this 
development teachers will be able to use new 
theories of learning, such as the recently discovered 
right hemispheric development of the brain, in 
areas of understanding and knowing. They will also 

- be able to meet head-on the challenge of accommo- 

♦ dating a' wider range of learning styles. 

Based on the results of current CAI practices, it 
is possible to- predict with high ^probability that 
major jeafning gains will, dccur in many subject 
areas ps a result df the use df CAI.v^EdUcatidri's 
foremdst challenge will be iri learriirig to Use^nd to 

; apply the existirig techridldgy. Once teacJi^ an5 

^ cUfricUlUril 'develdpers expand their efforts in 
develbpirig CAI materials and in mainstreaftiing 
CAI in to the regular process of instruction, educa- 
tion, like business and industry, will be successful 
in making the computer a j)owerfuI extension of' 
the human being: 
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How to Obtain 
information on CAI 

Educators^ can obtain information on CAl .by 
cbmiucting manual or computer searches hi the 
literature. They can also learn about the current 
developments and breakthrbUghs in technology by 
reading newspaper and rriapzihe articles on the 
subject. However, these method^ are time coh- 
suihihg and may be difficult for. the busy public 
school teacher and administrator. 

Computer Derribhstratibris 

Demohstiations of computer systems by vendors 
are valuable in obtaijpihg information. Most com- 
panies will send a representative to demonstrate 
^ CAI in the office or the classroom by use of a tele- 
phone linkup with their central computer:^fteh, in 
demoristrations, .the uninitiated observers ^e 
mesmerized by the dazzling performance of the 
hardware and are unable to assess the value qf.the 
curriculum content. In spite of some disadvantages, 
siich dembnstratibns are a necessary part of the 
iriformatibn gathering process. Educatbrs should 
cbhsult mbre than one vendbr and explbre such 
factors as the evaulatiori of programs in instruc- 
tional settings, transportability of programs from 
one hardware system to another hardware system, 
•hardware costs, software costs, and maintehahce" 

COStSk * ' I 

other Educate]^ 

The potential . buyer of CAI will prbfit frbm, 
discussion with _bther educatbrs— provided that 
they have used CAI in the same way the buyer 
intends to use it; that they can produce evidence bf 
its effectiveness in their instructional program; arid 
. that their commitment to a particular system is 
based on its success in the instructional program 
and not on. other factors. 

• Valuable assistance may be obtained from full- 
time CAI consultants now employed in six Cali- 



forriia \ school districts. Such services are aisb 
available through the offices' bf four cburity 
superintendents of schools and the California 
State Department of Education. 

» 'f 

Computer ProgramtViing 

Educatbrs db nbt have to be knowledgeable in 
cbriiputer science tb implement effective CAI 
programs. Knowledge of cbrriputer science, hbw- 
ever, can be an asset. Once teachers arid admirii- 
strators are exposed to CAI uses in the curricuiurri, . 
they will want to explore new uses, which iriay ;; 
require specialized training and experience. Such 
training is available through most institutions of 
higher education. But teachers should exercise 
caUtibn when they dispense with prepared programs 
arid veritUre intb' teacher-made computer pro- ( 
^ams: Prepared prbgrams generally ar^^^ in 
a classroom _settirig, arid their reliability is well 
established; Teachers riiay- eriibark upbri such an 
adventure after they have become riibre fariiiliar 
with CAI, but they must understand that they will 
have to trade off validity for teacher control of 
programming at least in the initial stages of 
experirtientation. - : 

Teachers must realize that it is imperative to 
plan arid train thbrdughly for CAI just as for any 
other eufriculum effort. They should be involved 
iri the_ dcsi^ fbr integrating CAI into their curricu- 
lurii._ Logistics, ecoribrriics, arid evaluation must be 
carefully uridertakeh. If irivolVeriierit bf teachers is 
sought • arid used thrbughbut the decisibn-riiaking 
process, a -great deal riibre assurarice is giveri that 
the system mil used as plariried. 

Shopping for Gomputers 

Shopping for computer systems arid CAI can be 
a sopliisticated business, and educato^ must con- 
duct thorough investigations. Computer experts- are 
nbt necessarily education experts and vice ver^. 
Cbriiputer assisted instruction is a* discipline quite 
Uriiqiie iri computer science and in education. If 
experiericed CAI cbrisultaitts are used^ and if staff 
members are involved iri decisibri rriakirig, teachers 
and administrators wiH begin to recognize the value 
of eAI:_They will begin to eri\asion even more ways 
in which CAI can be' used to enhance learning. 
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